The effects of the disinfectants NaClO and calcinated calcium on the food-borne pathogens Staphylococcus aureus, Escherichia coli O157:H7, and Salmonella spp. attached to shredded cabbage leaves were examined. After these bacteria were attached to shredded leaves for 1 h, the leaves were treated with NaClO and/or calcinated calcium. About 2:6-log and 3:5-log reductions of E. coli O157 were achieved by treatment with NaClO (100 ppm, pH 6.0, 10 min) and calcinated calcium (0.1%, 20 min), respectively. The combination of 100 ppm NaClO and 0.1% calcinated calcium resulted in a 3-to 4-log reduction in the pathogen populations without apparent deteriorative effects. The bacterial numbers in the treated cabbage did not increase during storage at 4 C. However, sensory evaluation including appearance and flavor indicated that the quality of the treated cabbage declined during storage. In conclusion, the combination of NaClO and calcinated calcium was useful in treatment before eating.
Vegetables are indispensable foods supplying vitamins, minerals, and dietary fiber. In developed countries, consumer desire for minimally processed vegetables has been increasing and people have many chances to eat fresh vegetables. It is difficult to maintain good quality and appearance during the storage of minimally processed vegetables because of increases in native microflora and browning caused by cutting and wounding. As consumption of fresh products increases, concerns about microbial contamination are raised. Many studies have been undertaken to determine the contamination of vegetables and fruits by microorganisms. [1] [2] [3] Vegetables are regarded as microbiologically safer than other unprocessed foods such as meat, poultry, milk, eggs, and seafood. Although improvements in agronomic practices, processing, preservation, and distribution have made it possible to supply fresh produce of high quality to consumers through the year, outbreaks of food-borne disease due to eating fresh vegetables have recently increased. 4) In 2006, an outbreak of Escherichia coli O157 happened due to fresh spinach and lettuce in United Sates. 5) Suitable prevention and decontamination methods to minimize the risk of microbial infection are therefore indispensable. The response to washing and disinfection of pathogenic bacteria that cause food-borne disease needs to be better understood to achieve this purpose. There are various pathogenic bacteria that cause food-borne diseases, and each pathogen might show a specific attachment pattern to vegetables and response to disinfectants.
Cabbage is one of the popular vegetables for eating without heating or cooking in Japan. Shredded cabbage is often eaten with breaded pork cutlets or fried meat.
Staphylococcus aureus, Escherichia coli O157:H7, and Salmonella spp. were used as pathogens in this study. S. aureus is a Gram-positive, a non-motile coccus having no flagella. E. coli O157:H7 and Salmonella spp. are Gram-negative motile rods with flagella. S. aureus used to be and Salmonella is one of the major foodborne pathogens in Japan.
6) E. coli O157:H7 was identified as a dangerous food-borne pathogen in Japan in 1996, when an extensive outbreak occurred. 7, 8) E. coli O157:H7 and Salmonella spp. are carried by ruminants in their gastrointestinal tracts and are shed in feces. Noncomposted or improperly composed manure used as fertilizer potentially contaminates products. In the United States, it was reported that fresh lettuce contaminated by E. coli O157:H7 was the source of a foodborne outbreak. 9) In 2006, an outbreak of E. coli O157 happened due to fresh spinach. 5) Many people carry S. aureus, which often causes food-poisoning associated with manually handled foods. The application of NaClO up to 200 ppm in the water is widely used in the disinfection of vegetables. [10] [11] [12] [13] Calcinated calcium or calcium burnt is a food-grade additive and is practically used. 14, 15) Recently it was reported that mild heat treatment at about 50 C of cut lettuce reduced browning and improved the quality of stored lettuce. [16] [17] [18] In this y To whom correspondence should be addressed. Tel: +81-3-5978-5753; Fax: +81-3-5978-5755; E-mail: murata.masatsune@ocha.ac.jp Abbreviations: HI, heart infusion; PBS, phosphate buffered saline; CFU, colony-forming unit; RO, reverse osmosis; MIC, minimum inhibitory concentration study, we examined the effects of NaClO and of a combination of a NaClO and mild heat treatment, and a combination of NaClO and calcinated calcium on shredded cabbage inoculated with E. coli O157:H7, Salmonella spp., and S. aureus.
Materials and Methods
Cabbage samples. Cabbage (Brassica oleracea L. var. capitata L.) was purchased from a retail shop located in Tokyo and used in experiments within 24 h. Two or three outer leaves and a core were removed, and the remaining leaves were sliced with a hand slicer (Aikogyo, Shizuoka, Japan) at a width of about 1.5 mm. The shredded cabbage was washed twice with tap water and drained with a drainer for home use.
Bacterial cultures and preparation of inocula. S. aureus FDA209P, S. aureus C-29 (SEA þ ), S. aureus C-1 (SEB þ ), and Salmonella Enteritidis NBRC3313 were kept in our laboratory. E. coli O157:H7 C-13 (resistant to ampicillin), E. coli O157:H7 C-52 (resistant to ampicillin), and Salmonella Typhimurium DT104 C-13 were obtained from the Koto Microbial Research Institute (Tokyo, Japan). These strains were subcultured on heart infusion (HI) agar. The strains were incubated at 37 C with shaking for 16-18 h in 2 ml of HI broth. After incubation, 20 ml of fermented broth was transferred to 2 ml of HI broth, which was further incubated at 37 C with shaking for 16-18 h. The bacterial cells in 1 ml of a fermented broth were collected by centrifugation at 10;000 Â g for 5 min and washed twice with a sterile phosphate buffered saline (PBS), and then resuspended in 1.0 ml of a sterile 0.85% NaCl solution.
Inoculation. Mixtures of the culture were used as inocula. Equal volumes of bacterial solutions of E. coli O157:H7 C-13 and E. coli O157:H7 C-52, of Salmonella Typhimurium DT104 C-13 and Salmonella Enteritidis NBRC3313, and of S. aureus FDA209P, S. aureus C-29, and S. aureus C-1 were mixed and used. The final concentrations of the inocula were adjusted to log 5{6 colony-forming unit (CFU)/ml with a sterile 0.85% NaCl solution. Shredded lettuce (about 10 g) was immersed in 100 ml of each bacterial inoculum at room temperature for 1 h, and then the inoculum was fully drained off.
Preparation of disinfectants. Chlorinated water containing 10 or 30 mg of available chlorine per ml (100 or 300 ppm) was prepared by adding sodium hypochlorite (Wako Pure Chemical Industries, Osaka, Japan) to reverse osmosis (RO) water. The concentration of available chlorine was determined by the iodine titration method. The pH was adjusted to 6.0 with 1 M HCl. A suspension of 0.05-0.4% calcinated calcium (DP-SC1, Taisho Technos, Tokyo) was prepared by adding it to water.
Minimum inhibitory concentrations (MICs) of NaClO and calcinated calcium. Each bacterial solution (about 10 5 CFU/ml) and NaClO solution (pH 6.0) was mixed and left for 10 min, and then 40 ml of the solution was transferred to 4 ml of HI broth, which was incubated for 24 h at 37 C with shaking. Growth of bacteria was checked by OD 660 . In another method, each bacterium-inoculated cabbage (10 g, about 10 5 to 10 6 CFU/g) and 100 ml of NaClO solution was mixed and homogenized with a stomacher (Masticator PS, GSI Creos, Tokyo) for 3 min. The homogenate (1.0 ml) and HI agar was mixed, which was incubated at 37 C for 24-48 h. The colony formation was visually checked.
For calcinated calcium, the bacterial solutions (about 10 3 CFU) were added to 5 ml of HI broth containing calcinated calcium, which was incubated for 10 min, before the pH was adjusted to 7.0 with 1 M HCl. This suspension was incubated at 37 C for 24 h with shaking. In another method, the bacterial solutions (about 10 3 CFU) were added to 5 ml of HI broth containing calcinated calcium, which was incubated at 37 C for 24 h with shaking. The growth of bacteria was checked by OD 660 .
Procedures for disinfection. An inoculated sample (about 10 g) was immersed in 100 ml of treatment solution (RO water, 100 ppm or 300 ppm NaClO, pH 6.0 or pH 2.0, 0.05%, 0.1% or 0.4% calcinated calcium) for 10 min at room temperature. In mild heat treatment, inoculated samples were immersed in 100 ml of NaClO (pH 6.0, 100 ppm) for 1 min at 50 C, and then immediately transferred to sterile water at 4 C and left for 30 s to cool. Each sample was then washed 3 times with 100 ml of RO water for 30 s with a shaker (120 rpm) at room temperature, and then the bacterial population of sample was enumerated.
In the combination of NaClO and calcinated calcium, three methods were used. First, NaClO (100 ppm) and calcinated calcium (0.1%) were mixed, and inoculated cabbage was immersed in it for 20 min. The pH of the solution was about 10. Second, cabbage was immersed in 0.1% calcinated calcium for 20 min and then immersed in 100 ppm NaClO for 10 min. Third, cabbage was immersed in 100 ml of 100 ppm NaClO for 10 min and then immersed in 0.1% calcinated calcium for 20 min. Each sample was washed with sterile water 3 times.
Storage of treated cabbage. About 10 g of treated cabbage was packed in a plastic film (Pyxon-20, Elemex, Tokyo) and stored at 4 C.
Microbiological analysis. Each sample was homogenized in 10 times weight of sterile 0.85% NaCl with a stomacher (Masticator PS, GSI Creos, Tokyo), and the homogenate was serially diluted in 0.85% NaCl. HI agar supplemented with ampicillin (100 mg/ml) (Kanto Chemical, Tokyo), Xylose lysine desoxycholate (Difco Laboratories, Detroit, MI, USA), and Mannitol salt agar (Eiken Chemical, Tokyo) were used as selective media for E. coli O157:H7, Salmonella spp., and S. aureus, respectively. Inoculated agars were incubated at 37 C for 1-2 d, and then CFUs were enumerated. The decrease in the bacterial population (log) was obtained as log 10 ðcontrol CFU/gÞ À log 10 ðtreatment CFU/gÞ.
Ascorbic acid and total vitamin C determination. A cabbage sample (about 10 g) was homogenized in 30 ml of 5% metaphosphoric acid containing 1% SnCl with pestle and mortar. The supernatant was obtained by centrifugation at 9;000 Â g for 10 min, and then ascorbic acid and total vitamin C were measured by the hydrazine method. 19) Sensory analysis. Shredded cabbage (about 40 g) was immersed in 100 ml of 0.1% calcinated calcium for 20 min and then immersed in 100 ml of 100 ppm NaClO solution (pH 6.0). After it was drained off, it was washed with sterile water 3 times. About 10 g of treated cabbage was packed in a plastic film (Pyxon-20, Elemex, Tokyo) and stored at 4 C. The panel for sensory analysis was composed of 10 to 12 members (students of Ochanomizu University, female, aged 21-27 years). Appearance, aroma, crispness, flavor (taste), and comprehensive evaluation of shredded cabbage during cold storage at 4 C were evaluated on scales of 1 to 5 (1, unacceptable; 2, limited quality for consumption; 3, medium; 4, good; 5, very good). Fresh-shredded cabbage was used as a control at score 5 (very good).
Statistical analysis. The data obtained in the experiments were analyzed by one-way ANOVA with Excel 2000 (Microsoft, Redmond, WA, USA) and Statcel2 software (OMS Publishing, Tokorozawa, Japan). The level of significance for all tests was p ¼ 0:05. All the experiments were replicated at least 3 times.
Results and Discussion
Sensitivities of bacteria to NaClO and calcinated calcium Table 1 shows the MICs of NaClO and calcinated calcium against the bacteria used here. When the bacterium was incubated for 10 min in PBS containing NaClO and was then transferred to HI broth, the MICs of NaClO were 0.1-0.2 ppm. When cabbage juice was added to agars, the MICs were 60-80 ppm. This indicates that the bactericidal activities of NaClO were restored by organic substances included in the cabbage. It has been reported that nitrogenous organic compounds in cabbage inactivate NaClO. 20) The MICs of calcinated calcium were examined. Each bacterium was inoculated to broth containing calcinated calcium and incubated for 10 min, and then its pH was adjusted to 7.0. The MICs of the calcinated calcium were 0.15-0.4%. When the broths were incubated without adjustment of pH, the MICs were 0.06%-0.08%. This level was only 2-times to 4-times lower than with 10 min of incubation. The pHs after 24 h of incubation were in the range of 8.9-9.5. Since the major component of an aqueous solution of calcinated calcium is Ca(OH) 2 , it was concluded that the bactericidal activity of calcinated calcium was due to its alkalinity 21) and that the effect of organic substances was not very strong.
Effects of NaClO and mild heat treatment on attached pathogens
The effects of NaClO and of a combination of mild heat and NaClO on the attached E. coli were examined (Table 2) . Treatment with 100 ppm NaClO (pH 6.0) for 10 min decreased the bacterial number by À2:7-log of the initial population. This treatment caused no apparent injury to the shredded cabbage. Shaking or sonication during treatment did not stimulate bacterial reduction. The addition of a detergent Tween 20, elongation of the incubation time from 10 min to 30 min, a high concentration of NaClO (300 ppm), and lower pH (pH 2.0) did not promote bacterial reduction. But these treatments caused deteriorative effects such as changes in the appearance and shape of the shredded cabbage. The effectiveness of warm water treatment of cut lettuce in repressing browning has recently been reported. [16] [17] [18] It has also been reported that a combination of mild heat treatment and chlorine reduced the browning of cut lettuce and that this was effective in reduction of food-borne bacteria attached to cut lettuce. 22) Hence, we examined the effectiveness of treatment with 100 ppm NaClO at 50 C for 1 min against E. coli O157:H7 attached to shredded cabbage. The combination of mild heat and NaClO did not stimulate bacterial reduction. The decrease in the bacterial population was 2:03-log, significantly smaller than that of NaClO treatment at room temperature for 10 min (2:69-log). Delaquis et al. 11) have reported that a warm chlorinated water treatment (100 ppm chlorine at 47 C for 3 min) reduced the native bacterial population on lettuce by À3-log CFU/g. On the other hand, Li et al. 23, 24) recently reported a lack of significant effect of combined mild heat (50 C) and chlorine treatment (20 ppm) in the reduction of E. coli and Listeria monocytogenes on lettuce. Our results also indicated that the combination of NaClO and mild heat treatment was ineffective in the reduction of E. coli attached to cabbage. The differences in results might be due to the differences in experimental conditions or the properties of the test bacteria. 1 Each bacterium was incubated in PBS containing NaClO for 10 min and then in HI broth at 37 C for 24 h. 2 Bacterium and cabbage were homogenized together, and then the suspension was poured into HI agar and incubated at 37 C for 24 h. 3 Bacterium was incubated in HI broth containing calcinated calcium for 10 min, and then its pH was adjusted to 7, and the suspension was incubated at 37 C for 24 h. 4 Bacterium was incubated in HI broth containing calcinated calcium and incubated at 37 C for 24 h. Effects of calcinated calcium and a combination of calcinated calcium and NaClO on the attached pathogens
Next we examined the effectiveness of calcinated calcium in bacterial reduction on shredded cabbage. Treatment with 0.1% calcinated calcium for 10 min or 20 min reduced the bacterial number by À2:88-or À3:52-log of the initial number (Table 3) . Treatment with 0.4% calcinated calcium for 20 min and by sonication reduced the bacterial number to a lower level than detection limit against Salmonella spp. as well as E. coli O157:H7, but this treatment damaged the cabbage sample, which became fragile.
The combined effect of NaClO and calcinated calcium was then examined (Fig. 1) . Three methods for the combination were tried. First, NaClO and calcinated calcium was mixed and used. Second, the cabbage was treated with calcinated calcium for 20 min and then treated with NaClO for 10 min. Third, the cabbage was treated with NaClO for 10 min and then with calcinated calcium for 20 min. In the second and third methods, Salmonella spp. and E. coli O157:H7 was reduced by about À4-log of the initial populations, which was almost at the detection limit level, although there was no significant difference in S. aureus. The appearance did not change immediately after these treatments. Takeuchi and Frank 23) reported that treatment with 200 ppm of NaClO for 5 min caused only 0.7-to 1:0-log CFU/g reduction in the number of E. coli O157:H7 attached to lettuce, indicating that the bacteria were protected from contact with chlorine. Takeuchi et al. 24) have reported the penetration into lettuce of inoculated E. coli, Listeria monocytogenes, and Salmonella Typhimurium. These results suggest that the survival bacterial after treatment by disinfectants in this study existed in the inner part of cabbage tissue and that they did not contact with the disinfectants. The combination of NaClO and calcinated calcium proved more effective than NaClO against E. coli and Salmonella. We do not know why this combination did not promote the reduction of S. aureus, but, since calcinated calcium is alkaline, it might weaken the connection between plant cells or/and insoluble materials, and might promote the penetration of NaClO.
Changes in microbial counts and quality during storage
Since the combination of NaClO and calcinated calcium was effective at reducing attached food-borne bacteria, the changes in bacterial numbers and the quality of shredded cabbage during storage were examined. After treatment, the shredded cabbage was stored at 4 C. Figures 2 and 3 show the changes in bacterial numbers and total vitamin C contents, respectively. While the number of attached food-borne pathogens did not increase at all during storage at 4 C, the contents of total vitamin C and L-ascorbic acid decreased about 30% due to the treatment, and the level gradually decreased during storage. Sensory analysis (Fig. 4) showed that the treatment caused an unfavorable effect on the quality of the shredded cabbage. The appearance at day 3 after treatment was significantly bad compared with the control. However, just after treatment, the sensory evaluation was not bad or was at a similar level to the control at day 3 of storage.
These results suggest that treatment with a combination of NaClO and calcinated calcium just before eating improved microbiological safety and maintained quality.
